1. Introduction {#sec0005}
===============

In the last years, there is increasing interest in neurobiological changes due to psychotherapy of specific phobia (for reviews, see [@bib0015; @bib0190]). Some research on correlates of cognitive-behavioral therapy (CBT) in spider phobia has been done with functional magnetic resonance imaging (fMRI, e.g., [@bib0195; @bib0205; @bib0235]) using spider pictures for symptom provocation. The therapy-effect in the study by [@bib0235] consisted of a reduction of hyperactivation in the anterior ventral insula reflecting a habituation of the somatic fear response. In contrast, [@bib0195] found enhanced activation in a large prefrontal area (i.e., the medial orbitofrontal cortex extending to the anterior cingulate cortex) after CBT, which was maintained in a 6-month follow-up session ([@bib0205]). The effect was interpreted as a correlate of successful cognitive restructuring, mainly reflecting the relearning of stimulus-reinforcement associations and improvements in emotion regulation.

Superior to fMRI, the high temporal resolution of event-related potentials (ERPs) makes them a very promising tool to study neural responses toward phobic stimuli. There are two relevant ERP positivities within this context that are maximal at parietal recording sites. The P300 peaks between 300 and 500 ms following picture onset. The late positive potential (LPP) is a more sustained deflection, starting around 500 ms, which can be observed up to 6 s after picture onset ([@bib0185]). The LPP tends to become more frontally distributed over time ([@bib0080; @bib0075]). Both components have repeatedly been shown to reflect increased attention toward motivationally relevant stimuli. Whereas the P300 has been linked to automatic attention processes, the LPP can be utilized as a measure of controlled attention and emotion regulation (for a review see [@bib0180]).

There are a handful of studies exploring effects of symptom provocation in spider phobics relative to healthy controls during passive picture viewing in adults ([@bib0130; @bib0135; @bib0140; @bib0200; @bib0125]) and children ([@bib0120]). These studies consistently showed enhanced amplitudes of the P300 (combined for all studies: 280--520 ms) and early time frames of the LPP (combined for all studies: 428--800 ms) in phobics relative to controls during exposure. Results might be interpreted as effects of relatively fast and reflexive motivated attention. The ERP enhancement was specific for the spider condition and was not observed for other disorder-irrelevant emotion categories (e.g., fear, disgust; [@bib0200; @bib0125; @bib0120]).

In contrast to effects of symptom provocation, changes in ERPs after psychotherapy have hardly been investigated. A single published study by [@bib0125] reported a statistically significant change in late positivity in treated spider phobic adult females. Relative to a waiting-list group the treated patients showed enhanced amplitudes in response to spider pictures at fronto-central sites in a very late time window of the LPP from 800 to 1500 ms. The effect was specific for the disorder-relevant material as there were no changes in response to other picture categories (fear, disgust, neutral). Data were interpreted to reflect improved control of attentional direction during confrontation with spiders. This interpretation is in line with already existing studies showing that the voluntarily direction of attention is able to enhance the amplitude of late LPP amplitudes ([@bib0055; @bib0065; @bib0100; @bib0105; @bib0220]). [@bib0125] found no therapy-related changes of the P300 or the early LPP in spider phobic women. Consequently, it seems rather difficult to change these fast, automatic attentional processes in spider phobics by means of psychotherapy.

To our knowledge, there are no published ERP studies on therapy effects with spider phobic children. Generally, there is evidence that ERP latencies grow shorter with child development, indicating higher processing speed. However, studies showed that late positive components are similar in adults and children. The P300 is present even in early childhood, although latencies are longer and amplitudes are higher reflecting lower processing efficiency (for a review, see [@bib0085]).

Spider phobic patients experience extreme feelings of fear when confronted with spiders. However, they also report strong feelings of disgust for spiders. It has repeatedly been argued that specific phobia might be disgust-based rather than fear-based (for a review, see [@bib0175]). In line with this, several studies with spider phobics have hypothesized a role of overall disgust proneness in the etiology and maintenance of the disorderin adults (e.g., [@bib0240]) and children ([@bib0160]). In a study by [@bib0045] spider phobic women displayed heightened overall disgust proneness and a strong disgust response when exposed to disorder-irrelevant disgust elicitors. [@bib0160] reported significant correlations between symptoms of spider phobia and dispositional disgust in 9- to 13-year-old children. Additionally, [@bib0035] showed that 9- to 14-year-old spider phobic girls displayed an elevated overall disgust proneness. In a previous study we were also able to show heightened overall disgust-proneness in spider phobic children relative to controls ([@bib0120]) which was accompanied by heightened average facial electromyographic activity of the levator labii and the corrugator supercilii in response to spider and disgust pictures. However, there are also studies that failed to find an overall heightened disgust proneness in adult spider phobics ([@bib0125; @bib0200]). In a recent study by [@bib0145] children, who had received disgust-related information about unknown animals, not only experienced a higher level of disgust but also displayed an increase in fear beliefs related to these animals. The authors concluded that there is an increased risk to develop fear for a stimulus that evokes disgust. [@bib0040] reached a similar conclusion, as they found that the possibility of making involuntarily contact with a disgusting stimulus (i.e., the spider) is the essence of spider phobia in 10- to 14-year-old girls.

The present study is an effort to examine therapy-related changes in electrocortical correlates of spider phobic children. Patients passively viewed pictures (showing spiders, fear inducing, disgust inducing and neutral contents) while the EEG was recorded before and after exposure therapy. The therapy group was compared to a waiting-list group. We expected a reduction in phobic symptoms and in experienced fear, arousal and disgust as well as a rise in experienced positive affect during exposure in the therapy group relative to a waiting-list group. Moreover, we expected a therapy-induced enhancement of the fronto-central LPP specifically to spider pictures. Additionally, we were interested if CBT also has an impact on overall disgust proneness and trait anxiety.

2. Methods {#sec0010}
==========

2.1. Participants {#sec0015}
-----------------

Thirty-two right-handed and non-medicated girls aged from 8 to 13 years participated in the current investigation. Female participants were chosen because of the higher prevalence of spider phobia in females as compared to males ([@bib0060; @bib0090]). All girls suffered from spider phobia (DSM-IV-TR: 300.29). Participants were randomly assigned to either a therapy group (*N* = 15) or a waiting-list group (*N* = 17). The two groups were comparable with respect to age (*M* (*SD*): therapy group = 137.5 (15.5) months; waiting-list group = 132.9 (16.9) months). Children were recruited via articles in local newspapers. After the nature of the study had been explained to them, all girls and their caregivers gave written informed consent. Diagnoses were made by a board-certified clinical psychologist. The study was approved by a local ethic committee. Participants received exposure therapy for free and were compensated with 15 € for their participation.

2.2. Procedure {#sec0020}
--------------

A diagnostic session, consisting of a standardized clinical interview for children ([@bib0245]) and an interview checking diagnostic criteria of spider phobia according to the DSM IV-TR ([@bib0010]), was conducted at the beginning of the investigation. Additionally, children filled out the spider Phobia Questionnaire for Children (SPQ-C, [@bib0110]), a child-adapted version of the Questionnaire for the Assessment of Disgust Proneness (QADS, [@bib0215]) and the trait-scale of the State-Trait Anxiety Inventory for Children (STAI-C, [@bib0230]). Furthermore, children underwent a behavior avoidance test (BAT). A spider (*Tegenaria atrica*, approximately 3 cm in size) was put in a transparent case and placed on a table 5 m from the participant who was then instructed to approach the box, open it and take the spider on her hand. Participants who opened the box were excluded from the study. Subsequently, a diagnostic session with the caregiver, consisting of a clinical interview ([@bib0245]; parent version) and an interview checking diagnostic criteria of spider phobia according to the DSM IV-TR ([@bib0010]), was conducted. Diagnoses were determined on basis of child and parent reports according to the DSM IV-TR ([@bib0010]) criteria. Patients who suffered from any other mental disorder than spider phobia were excluded from the sample.

One week later children were exposed to a total of 130 pictures during EEG recording. Pictures represented four different categories: 'spider', 'neutral', 'disgust' (e.g., snails, dirty toilet), and 'fear' (showing predators). Pictures were selected from the International Affective Picture System (IAPS, [@bib0115]) and a second picture set ([@bib0210; @bib0120])[1](#fn1){ref-type="fn"}. Per category thirty pictures were shown. Additionally, 10 positive 'motivators' (e.g., bunnies, kittens) were used to make children feel more comfortable during picture presentation. 'Negative' pictures ('fear', 'disgust') were chosen to be appropriate for children (e.g., no mutilation or violence pictures). Pictures were shown in a random order for 6 s each. Inter-stimulus intervals varied between 4 and 8 s. Children were instructed to sit as still as possible and to passively watch the pictures. Immediately after the experiment, children rated their impression of the pictures by means of the Self-Assessment Manikin (SAM; [@bib0025]) for 'valence' and 'arousal', and on two nine-point Likert scales on the dimensions 'fear' and 'disgust' (range 1--9, with '9' indicating that the subject felt very positive, aroused, anxious or disgusted).

One week later children of the therapy group received a single session of Cognitive Behavioral Therapy (CBT) according to [@bib0165], which lasted for a maximum of 4 h. The therapy consisted of detailed psychoeducation about fear and spiders, and exposure in vivo with participant modeling and cognitive restructuring. Therapy was conducted by a board-certified clinical psychologist. One week after therapy, a second EEG-session with subsequent SAM rating was conducted. Additionally, children filled out the SPQ-C ([@bib0110]), the child-adapted version of the QADS ([@bib0215]) and the STAI-C ([@bib0230]). Children of the waiting-list group received CBT after the second EEG-session.

2.3. Electroencephalographic recording and raw data analysis {#sec0025}
------------------------------------------------------------

The EEG was recorded with a Brain Amp 32 system (Brain Products, Gilching) and an Easy-Cap electrode system (Falk Minow Services, Munich) from 21 sites (Fp1, Fp2, F3, F4, F7, F8, C3, C4, T7, T8, P3, P4, P7, P8, O1, O2, Fz, Cz, Pz, Tp9, Tp10). All sites were referenced to FCz during the recording. A bipolar horizontal electrooculogram (EOG) was recorded from the epicanthus of each eye, and a bipolar vertical EOG was recorded from the supra- and infra-orbital position of the right eye. The EEG and the EOG were recorded with Ag/AgCl electrodes. The sites on the participants' scalp and face were cleaned with alcohol and gently abraded prior to the placement of the electrodes. All impedances of the EEG electrodes were below 5 kΩ. EEG data were sampled with 2500 Hz and passband was set to 0.016--1000 Hz.

Analyses were performed with Brain Vision Analyzer software Version 2.0 (Brain Products, Gilching, Germany). EEG data were down-sampled to 250 Hz. Raw data were visually inspected for sections with movement artifacts, which were removed. Independent component analysis (ICA) was computed in order to correct for EOG artifacts. EOG relevant independent components were identified by visual inspection and comparison to EOG channels. Afterwards, an average reference was computed for further processing of the data and statistical analyses. EEG data were segmented into epochs of 1700 ms starting 200 ms before the onset of the stimulus. The later epochs were not analyzed due to an increasing number of movement artifacts. Subsequently, segments were visually inspected to discard remaining smaller artifacts. After artifact correction data were low-pass filtered (20 Hz, 24 dB/octave) and a baseline correction was performed using the first 200 ms asa reference. Epochs were averaged separately for each condition.

Participants were excluded from subsequent analyses if there remained less than 15 artifact-free trials in a single category. The mean numbers of artifact-free trials were as follow: therapy group/session 1: spider = 27, neutral = 27, disgust = 26, fear = 28; therapy group/session 2: spider = 26, neutral = 26, disgust = 26, fear = 27; waiting-list group/session 1: spider = 27, neutral = 27, disgust = 27, fear = 28; waiting-list group/session 2: spider = 28, neutral = 27, disgust = 28, fear = 28.

Magnitudes of the P300 were extracted via average amplitudes for a time window from 340 to 500 ms. Magnitudes of the LPP were extracted via average amplitudes for a time window from 600 to 1200 ms. As ERP latencies are known to become shorter with age in children, but still show greater variability as compared to adults, we chose this broad time window to account for these inter-individual differences. Analyses were conducted for three electrode sites (Fz, Cz, Pz) separately.

3. Results {#sec0030}
==========

3.1. Questionnaires and affective ratings {#sec0035}
-----------------------------------------

Questionnaire data were submitted separately to 2 × 2 repeated measurement ANOVAs with factors *time* (session 1 and session 2) and *group* (therapy group and waiting-list group).

Analyses revealed a significant *time x group* interaction for the SPQ-C (*F*(1,30) = 100.0, *p* \< .001; see [Table 1](#tbl0005){ref-type="table"}). Participants of the therapy group showed significant reductions in SPQ-C scores (*t*(14) = 12.5, *p* \< .001), while participants of the waiting-list group showed no change (*p* = .495). Between groups *t*-tests revealed that therapy and waiting-list group did not differ at session 1 (*p* = .512), but that therapy group participants showed significantly lower SPQ-C scores in session 2 than waiting-list group participants (*t*(30) = 9.2, *p* \< .001).

Analyses revealed a significant *time x group* interaction for the QADS-C (*F*(1,30) = 8.6, *p* = .006; see [Table 1](#tbl0005){ref-type="table"}). Participants of the therapy group showed significant reductions in QADS-C scores (*t*(14) = 3.6, *p* = .003), while participants of the waiting-list group showed no change (*p* = .124). Between groups *t*-tests revealed that therapy- and waiting-list group did not differ at session 1 (*p* = .594), that therapy group participants showed significantly lower QADS-C scores in session 2 than waiting-list group participants (*t*(30) = 2.2, *p* = .036).

Analyses revealed a significant *time x group* interaction for the STAI-C (*F*(1,30) = 7.3, *p* = .011; see [Table 1](#tbl0005){ref-type="table"}). Within-groups *t*-tests revealed significant reductions in STAI-C scores (*t*(14) = 2.2, *p* = .045) for participants of the therapy group, while participants of the waiting-list group showed no change (*p* = .161). However, between groups *t*-tests revealed that the groups did not differ significantly at session 1 or 2 (all *p* \> .299).

Affective ratings (valence, arousal, fear, disgust) were submitted separately to 2 × 2 × 4 repeated measurements ANOVAs with factors *time* (session 1 and session 2), *group* (therapy group and waiting-list group), and *category* (spider, neutral, disgust and fear). To clarify significant interactions, further analyses were conducted by means of within groups one-way ANOVAs with post hoc *t*-tests for repeated measurements as well as between groups *t*-tests.

In the therapy group pronounced changes occurred in affective ratings from session 1 to session 2 in response to spider pictures (see [Table 1](#tbl0005){ref-type="table"}). We showed significant *time x group x category* interactions for experienced valence (*F*(3,90) = 17.1, *p* \< .001), arousal (*F*(3,90) = 14.5, *p* \< .001), fear (*F*(3,90) = 16.3, *p* \< .001), and disgust (*F*(3,90) = 11.1, *p* = .001). Participants of the therapy group showed a significant increase in valence (*t*(14) = 7.2, *p* \< .001) as well as a significant reduction in experienced arousal (*t*(14) = 9.9, *p* \< .001), fear (*t*(14) = 10.6, *p* \< .001), and disgust (*t*(14) = 5.7, *p* \< .001) in response to spider pictures. There were no changes in affective ratings of spider pictures from session 1 to session 2 in the waiting-list group (all *p* \> .083).

In both groups there were no changes in affective ratings of neutral pictures from session 1 to session 2 (all *p* \> .132).

Participants of the therapy group showed a significant reduction in experienced arousal (*t*(14) = 2.9, *p* = .011) and disgust (*t*(14) = 4.4, *p* \< .001) in response to disgust pictures from session 1 to session 2, whereas there was no change in the other affective ratings of disgust pictures (all *p* \> .132). In the waiting-list group there were no changes in affective ratings of disgust pictures from session 1 to session 2(all *p* \> .236).

In the therapy group there were no changes in affective ratings of fear pictures (all *p* \> .088). In the waiting list group there was a significant increase in valence (*t*(16) = 5.4, *p* \< .001) in response to fear pictures from session 1 to session 2, whereas there was no change in the other affective ratings of fear pictures (all *p* \> .136).

Between-groups *t*-tests showed that there were no group-differences for affective ratings of any picture category at session 1 (all *p* \> .088). At session 2 therapy group participants showed significantly higher valence (*t*(30) = 6.8, *p* \< .001), and lower arousal (*t*(30) = 6.8, *p* \< .001), fear (*t*(30) = 7.3, *p* \< .001), and disgust (*t*(30) = 5.5, *p* \< .001) ratings for spider pictures than waiting-list group participants. At session 2 groups did not differ in their affective ratings of neutral or fear pictures (all *p* \> .063). At session 2 therapy group participants showed significantly higher valence (*t*(30) = 2.1, *p* = .048), and lower arousal (*t*(30) = 2.5, *p* = .020) and disgust (*t*(30) = 3.1, *p* = .005) ratings for disgust pictures than waiting-list group participants, while they did not differ in their fear rating (*p* = .220).

3.2. P300 (340--500 ms) {#sec0040}
-----------------------

Grand average waveforms of therapy group and waiting-list group participants before (1) and after (2) therapy or time of waiting at Fz, Cz, and Pz are shown in [Fig. 1](#fig0005){ref-type="fig"} for spider and neutral pictures and in [Fig. 2](#fig0010){ref-type="fig"} for disgust and fear pictures.

EEG data (P300, LPP) were submitted to 2 × 2 × 4 repeated measurements ANOVAs with the factors time (session 1 and session 2), group (therapy group and waiting-list group), and category (spider, neutral, disgust and fear) as we hypothesized therapy-induced changes to disorder-specific stimuli. No further analyses were conducted if the repeated measurements ANOVA had yielded non-significant results. To clarify significant interactions, further analyses were conducted by means of within groups one-way ANOVAs with post hoc *t*-tests for repeated measurements as well as between groups *t*-tests.

Fz: Analyses revealed a significant *time x group x category* interaction for the P300 at Fz (*F*(3,90) = 2.8, *p* = .047). Within the therapy group responses to spider pictures did not differ significantly from the other picture categories at session 1 (all *p* \> .375). At session 2 spider pictures elicited higher amplitudes than disgust and neutral pictures (all *p* \< .045) while there was no difference between spider and fear pictures (*p* = .225). The therapy group showed no change in P300 amplitudes from session 1 to session 2 (all *p* \> .116). Within the waiting-list group there was no difference between spider pictures and the other picture categories at both sessions (all *p* \> .079). The waiting-list group showed a reduction of P300 amplitudes in response to spider pictures (*t*(16) = 2.3, *p* = .035), but not to any other picture category (all *p* \> .590). There were no differences between groups at session 1 (all *p* \> .340), or at session 2 (all *p* \> .356).

*Cz*: Analyses revealed a significant *time x group x category* interaction for the P300 at Cz (*F*(3,90) = 3.1, *p* = .030). Within the therapy group spider pictures elicited higher amplitudes than all other picture categories at both sessions (all *p* \< .006). The therapy group showed a reduction of P300 amplitudes from session 1 to session 2 in response to disgust pictures (*t*(14) = 2.4, *p* = .034) and neutral pictures (*t*(14) = 2.2, *p* = .049), while there were no changes in P300 amplitudes from session 1 to session 2 in response to the other picture categories (all *p* \> .331). Within the waiting-list group spider pictures elicited higher amplitudes than disgust and neutral pictures at session 1 (all *p* \< .030) and did not differ from fear pictures (*p* = .198). At session 2 spider pictures elicited higher amplitudes than neutral pictures (*p* = .032) but did not differ from disgust or fear pictures (all *p* \> .211). The waiting-list group showed no changes in P300 amplitudes from session 1 to session 2 (all *p* \> .165). At session 1 the waiting-list group showed significantly higher amplitudes of the P300 for disgust pictures relative to the therapy group (*t*(30) = 2.3, *p* = .031) while there were no differences between groups for the other picture categories (all *p* \> .171) at session 1 or at session 2 (all *p* \> .099).

*Pz*: Analyses revealed no significant *time x group x category* interaction for the P300 at Pz (*F*(3,90) = 0.5, *p* = .672).

3.3. Late positive potential (LPP, 600--1200 ms) {#sec0045}
------------------------------------------------

*Fz*: At Fz analyses revealed a significant *time x group x category* interaction for the LPP (*F*(3,90) = 3.2, *p* = .028). Within the therapy group spider pictures elicited smaller amplitudes than neutral and fear pictures at session 1 (all *p* \< .024), while spider and disgust pictures did not differ from each other. At session 2 spider pictures elicited higher amplitudes than disgust pictures (*p* = .015) and smaller amplitudes than fear pictures (*p* = .039). Responses to spider and neutral pictures did not differ. The therapy group showed enhanced LPP amplitudes in response to spider pictures from session 1 to session 2 (*t*(14) = 2.7, *p* = .018; see [Fig. 3](#fig0015){ref-type="fig"}), but not for in response to any other picture category (all *p* \> .257). Within the waiting-list group spider pictures elicited smaller amplitudes than fear pictures at session 1 (*p* = .008), while spider pictures did not differ from disgust or fear pictures (all *p* \> .264). At session 2 spider pictures elicited smaller amplitudes than fear pictures (*p* = .036) and did not differ from disgust or neutral pictures (all *p* \> .154). Within the waiting-list group there was no change in amplitudes to any picture category (all *p* \> .126). There were no differences between groups at session 1 (all *p* \> .286). At session 2 therapy group participants showed significantly higher LPP amplitudes than waiting-list patients in response to spider pictures (*t*(30) = 2.3, *p* = .030) and fear pictures (*t*(30) = 2.4, *p* = .021), while there were no significant differences between groups for neutral or disgust pictures (all *p* \> .639).

*Cz and Pz*: At Cz and Pz there were no significant *time x group x category* interactions for the late LPP (Cz: *F*(3,90) = 2.6, *p* = .055; Pz: *F*(3,90) = 0.3, *p* = .818).

4. Discussion {#sec0050}
=============

Spider phobia is about as common in children ([@bib0155]) as in adults ([@bib0090]). With a mean age of six years spider phobia shows a rather early onset ([@bib0020]). CBT is the treatment of choice for spider phobia ([@bib0250]). [@bib0165] and [@bib0170] reported that spider phobia can be treated very successfully, as clinical improvement rates are 90% in children and 85--90% in adults. All of the 32 children who participated in the current study were successfully treated and all of them were able to hold a living spider in their hands after a maximum of 4 h exposure therapy. Possible reasons that children despite these promising results do not receive therapy might be that parents often tend to underestimate the fears of their children (e.g., [@bib0150]). Moreover, phobias in childhood are often regarded as a passing phenomenon (e.g., [@bib0005]). However, phobias in childhood are a significant predictor of later anxiety disorders ([@bib0070]) and should therefore be treated. Our results indicate that exposure therapy shows broad effects in spider phobic children. We therefore reason, that patients should more frequently be transferred to psychotherapy.

The aim of the current study was to investigate changes in late electrocortical activity and emotional experience in 8- to 13-year-old spider phobic girls after exposure therapy. To our knowledge this is the first study reporting neurobiological correlates of cognitive-behavioral therapy (CBT) in children.

After therapy, the children of the therapy group showed a pronounced rise in experienced valence and a reduction in arousal, fear and disgust during confrontation with spiders. Moreover, symptom severity (according to a disorder-specific questionnaire) dropped enormously. Children of the waiting-list group showed no change in symptom severity or in affective ratings of spiders.

With respect to event-related potentials, children of the therapy group relative to children of the waiting-list group showed an enhanced late positive potential (LPP) in a time window of 600--1200 ms after stimulus onset when confronted with spider pictures. The effect was maximal at frontal electrode sites. Moreover, the effect was specific for disorder-relevant material and not present for other emotional categories (fear, disgust and neutral). Although there was a significant group difference for LPP amplitudes in response to fear pictures at session 2, no group showed a significant change of amplitudes in response to fear pictures over time.

The enhanced amplitudes of the late LPP after exposure therapy in response to spider pictures can be interpreted to reflect controlled allocation of attention to spiders. This interpretation is in accordance with studies showing that directed attention is able to modulate the amplitude of late positivity (e.g., [@bib0065; @bib0100; @bib0220]). Compared to adults, research on late positivity in children is rare. However, studies showed that the amplitude of the LPP is sensitive to emotional processing ([@bib0095; @bib0225]). It remains unclear, if the LPP is sensitive to emotion regulation instructions in children ([@bib0050; @bib0255]). However, these studies showed that the LPP in children has an almost similar time course and distribution like in adults. Enhanced amplitudes of late positivities after exposure therapy have already been shown in adult females ([@bib0125]) indicating that the disorder has a similar neural substrate in children and adults.

There were no therapy-related changes in response to spider pictures in earlier time frames of the ERP (i.e., the P300), possibly reflecting that it is difficult to change the fast, reflexive attentional capture by spiders in spider phobics. At frontal and central electrode sites there were changes in amplitudes of the P300 from session 1 to session 2 (i.e., in response to spider pictures in the waiting-list group; disgust and neutral pictures in the therapy group). However, there were no differences between groups in response to any picture category at the second session. Moreover, the effect of motivated attention is prominent at posterior sites and no P300 component could clearly be detected at fronto-central sites.

After the therapy patients were able to voluntarily direct their attention to spiders and not to avoid them anymore even though they still experienced feelings of fear and disgust. Future investigations should study if the effect on brain activity is stable over time. Moreover, it might be possible that the reflexive attentional bias is reduced after some months of practice and daily routine with spiders. Therefore, future studies should also employ a follow-up session.

Although therapy was restricted to exposure to spiders, there were additional positive effects: After therapy children of the therapy group showed a significant reduction in overall disgust proneness, although exposure therapy did only target feelings of disgust for spiders. Additionally, treated children rated overall disgust relevant pictures as less arousing and disgusting at the second EEG session compared to the first session. In line with the study by [@bib0145], we argue that fear of spiders might be the consequence of enhanced disgust to spiders. In this context, elevated disgust proneness might represent a vulnerability factor in children for the acquisition of certain phobias. In a previous study by [@bib0125] adult females did not show therapy-related reductions in overall disgust sensitivity or affective ratings of disgust-relevant scenes. This leads us to the assumption that psychotherapy has broader effects in childhood than in adulthood and that vulnerability factors should be also targeted in the course of therapy in childhood. However, with respect to the electrocortical activity, there was no significant difference in response to disgust pictures between the first and the second EEG session. Overall disgust was not directly addressed during the course of exposure therapy and it therefore is not surprising, that children did not direct their attention to disgust slides, although they did not perceive them as negative and arousing like in the first EEG session. Besides changes in overall disgust proneness, there was a significant reduction in STAI-C-scores in the therapy group after CBT. This drop in overall anxiousness in children receiving exposure therapy might be due to the fact that the management of fear in general was repeatedly targeted during the course of psychoeducation.

In summary, the electrocortical correlates of exposure therapy in spider phobic children resembled those in spider phobic adults: spider phobic girls as well as adults showed enhanced late positive potential amplitudes in response to spider pictures after therapy. In children, the effect was maximal at frontal electrode sites from 600 to 1200 ms. The result can be interpreted to reflect successful direction of attention toward spiders. Moreover, exposure therapy reduced overall disgust proneness in children of the therapy group.

5. Conclusions {#sec0055}
==============

The study indicates broad effects of exposure therapy in spider phobic children. It effects the direction of attention as well as emotional experiencing (i.e., feelings of disgust) and underlying electrocortical correlates. Further research should be conducted to explore if exposure therapy could be improved by addressing vulnerability factors, like overall disgust proneness.

The authors kindly thank the children who participated in the present study. The research was funded by the Austrian Science Fund (FWF): P21379-B18.

The numbers of the IAPS pictures ([@bib0115]) used were the following: neutral (7000, 7009, 7010, 7034, 7050, 7080, 7100, 7140, 7170, 7175, 7190, 7205, 7211), fear (0015, 1114, 1930), disgust (0018, 0019, 0020, 0021, 0022, 0025, 0026, 0027, 0028, 0031, 0032, 1274, 1275, 9008,9300, 9301, 9320), positive motivators (1440, 1463, 1750, 1999, 2071, 2311, 2387, 7340, 7410, 7460). Seventeen neutral, 24 disgust, 27 fear and all spider pictures were taken from validated picture sets of the authors ([@bib0210; @bib0120]).

![Grand average waveforms of therapy group and waiting-list group participants for spider and neutral pictures before (1) and after (2) therapy or time of waiting at Fz, Cz, and Pz.](gr1){#fig0005}

![Grand average waveforms of therapy group and waiting-list group participants for disgust and fear pictures before (1) and after (2) therapy or time of waiting at Fz, Cz, and Pz.](gr2){#fig0010}

![Average amplitudes of the LPP of therapy group and waiting-list group participants for spider and neutral pictures before (1) and after (2) therapy or time of waiting at Fz.](gr3){#fig0015}

###### 

Questionnaire data (SPQ-C, QADS-C, STAI-C) and affective ratings of spider and neutral pictures (means, *M* and standard deviations, *SD*) of therapy and waiting-list group participants before (session 1) and after (session 2) successful therapy or time of waiting.

                     Therapy group *M* (*SD*)   Waiting-list group *M* (*SD*)                
  ------------------ -------------------------- ------------------------------- ------------ ------------
  SPQ-C              18.7 (2.8)                 5.27 (3.9)                      17.9 (3.4)   17.4 (3.6)
  QADS-C             2.8 (0.6)                  2.3 (0.6)                       2.9 (0.7)    2.8 (0.7)
  STAI-C             36.1 (7.8)                 32.6 (7.0)                      33.5 (5.7)   35.2 (7.5)
  Spider pictures                                                                            
   Valence           1.7 (0.9)                  5.7 (1.8)                       1.9 (1.0)    2.1 (1.1)
   Arousal           6.9 (1.4)                  2.5 (1.4)                       6.5 (1.7)    6.5 (1.8)
   Fear              6.7 (1.9)                  1.5 (0.7)                       5.6 (1.9)    5.5 (2.0)
   Disgust           6.0 (2.2)                  1.9 (1.0)                       6.8 (2.0)    5.9 (2.6)
  Neutral pictures                                                                           
   Valence           6.2 (1.8)                  6.6 (2.0)                       7.4 (1.9)    7.9 (1.7)
   Arousal           1.1 (0.3)                  1.1 (0.3)                       1.2 (0.7)    1.1 (0.5)
   Fear              1.0 (0.0)                  1.0 (0.0)                       1.0 (0.0)    1.0 (0.0)
   Disgust           1.0 (0.0)                  1.0 (0.0)                       1.0 (0.0)    1.0 (0.0)
  Disgust pictures                                                                           
   Valence           2.8 (1.2)                  3.6 (1.2)                       2.9 (1.6)    2.7 (1.3)
   Arousal           4.8 (2.0)                  3.0 (1.7)                       4.7 (2.1)    4.7 (2.0)
   Fear              2.1 (2.2)                  1.1 (0.5)                       1.4 (0.9)    1.7 (1.6)
   Disgust           6.7 (2.0)                  4.4 (1.8)                       6.4 (2.5)    6.6 (2.2)
  Fear pictures                                                                              
   Valence           5.5 (2.1)                  6.0 (2.0)                       5.0 (2.0)    6.8 (2.0)
   Arousal           2.5 (1.8)                  1.9 (1.2)                       2.9 (1.6)    2.3 (1.6)
   Fear              1.9 (1.3)                  1.4 (0.7)                       2.2 (1.8)    1.8 (1.2)
   Disgust           1.3 (0.8)                  1.4 (1.3)                       1.5 (0.8)    1.3 (0.5)
